. Another chlamydial component potentially involved in binding to host cells is the chlamydial hemagglutinin first described by Hilleman et al. (1, 2, 6, 10, 14, 18) . This hemagglutinin displays several properties suggestive of a role in hostparasite interaction, including Ca2+ sensitivity, specificity for murine erythrocytes, and hemolysis in the presence of cobra venom factor. The hemagglutinating activity was shown to be genus specific by inhibition with heterologous polyclonal antisera to different chlamydial serovars (14) . Gogolak and Ross partially purified the hemagglutinin and identified it as a phospholipid-nucleoprotein complex (6). Although these properties and partial characterization have been described, the molecule itself has not been chemically identified.
Chlamydial lipopolysaccharide (LPS) agglutinated mouse and rabbit erythrocytes but not human, guinea pig, or pronghorn antelope erythrocytes. Hemagglutination was not specific for Chiamydia spp., as rough LPSs from Coxiella burnetii and Escherichia coli also agglutinated erythrocytes from the same animal species. Nonagglutinated and agglutinated erythrocytes bound equivalent amounts of LPS, indicating that hemagglutination was not due to a specific interaction of chlamydial LPS with erythrocytes. Thus, hemagglutination by chlamydial LPS is not mediated by specific receptor-ligand interactions but is a property of the altered surface of the LPS-coated erythrocytes.
The genus Chlamydia comprises two species of obligate intracellular organisms that are the etiologic agents of a number of human diseases (3, 15 (7, 8, 16 (14) . Gogolak and Ross partially purified the hemagglutinin and identified it as a phospholipid-nucleoprotein complex (6) . Although these properties and partial characterization have been described, the molecule itself has not been chemically identified.
Recently but not human and rat erythrocytes (11) . Lipid A prepared from Escherichia coli 0111 or from S. minnesota agglutinated erythrocytes with the same specificity as the LPS. These authors also found that smooth LPS from E. coli 0111 did not cause agglutination, thus indicating that LPSdependent agglutination is a property of rough LPS or lipid A.
In this paper, we describe species-specific hemagglutination of erythrocytes by purified chlamydial LPS, demonstrating that LPS is a genus-specific chlamydial hemagglutinin.
C. psittaci GPIC (5), C. trachomatis serovar L2 (strain 434) (5), Coxiella burnetii 9 mi/I and 9 mi/II (9), E. coli JM109, and the JM109 recombinant carrying plasmid pFEN207 (12) were grown as previously described. All LPSs were purified by the hot phenol-water method of Westphal (17) . Chlamydial LPSs were purified after reduction of the elementary bodies with dithiothreitol and alkylation with iodoacetamide (4, 13). The LPS preparations contained <1% protein and <35% RNA and appeared homogeneous by silver staining after sodium dodecyl sulfate-polyacrylamide gel electrophoresis (4, 9) .
For the hemagglutination assay, whole blood was collected into Alsever solution (lOa), centrifuged and washed three times with Maclllvaine- ml of distilled water. Twofold serial dilutions of these lysed erythrocytes in MacIllvaine-saline buffer were made in a dot-blot apparatus (Bio-Rad Laboratories) and reacted with monoclonal antibody (L2-16) which reacts with the genusspecific epitope of chlamydial LPS (4). Antibodies bound to lysed erythrocytes were detected with 1251I-protein A. All erythrocytes ( Fig. 1 ) bound approximately the same amount of GPIC or L2 LPS, as judged by the autoradiographic signal. The finding that nonagglutinated erythrocytes also bound chlamydial LPS was unexpected. To ascertain that both agglutinated and nonagglutinated erythrocytes bound the hemagglutinin, L2 LPS (10 jig/ml) was adsorbed against either mouse or guinea pig erythrocytes (10% [vol/vol] solution) for 3 h at 4°C. The erythrocytes were pelleted, and the resulting supernatant was tested in the hemagglutination assay. Both species of erythrocytes adsorbed all hemagglutinating activity, suggesting that agglutination by chlamydial LPS reflects changes in some intrinsic surface property of LPS-coated mouse and rabbit erythrocytes and is not simply due to failure of the nonagglutinated erythrocytes to bind LPS. To further demonstrate the role of LPS as a hemagglutinin, a monoclonal antibody (L2-16) was used to inhibit hemagglutination of mouse erythrocytes by L2 LPS. Antibody dilutions (1:2 to 1:64) were incubated with L2 LPS (6.25 ,ug/ml) in microtiter plates for 10 min at room temperature. Mouse erythrocytes were added, and the assay was performed as described above. The monoclonal antibody inhibited hemagglutination at all dilutions tested, indicating that LPS was a hemagglutinin. Agglutination of erythrocytes from specific species is not a property unique to chlamydial LPS. Purified LPS from a rough strain of Coxiella burnetii, 9 mi/II, agglutinated only mouse and rabbit erythrocytes at approximately the same LPS concentrations as the chlamydial LPS (Table 1) . However, a smooth strain of C. burnetii, 9 milI, did not agglutinate erythrocytes from any animal species tested. In addition, purified LPS from an E. coli JM109 (12) recombinant carrying a plasmid which codes for the genus-specific epitope of chlamydial LPS agglutinated mouse and rabbit erythrocytes but not any of the other erythrocytes tested. A 200-fold-higher concentration of LPS from the E. coli parent strain was required to agglutinate erythrocytes, reflecting a more extensive carbohydrate structure on the parent E. coli strain.
It appears that the previously described (1, 2, 6, 10, 14, 18) chlamydial hem4gglutinin is LPS. It 
